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,QWURGXFWLRQ
7KHSDUWQHUVKLSDSSURDFKWRWKHPDQDJHPHQWRIFRQVWUXFWLRQSURMHFWVKDVUHFHQWO\VWDUWHGJDLQLQJLQSRSXODULW\
7KLVLVPRVWO\FDXVHGE\WKHEHQHILWVWKDWUHVXOWIURPLWVLPSOHPHQWDWLRQ:KHQH[DPLQLQJWKHVXEVWDQWLDOERG\RI
OLWHUDWXUHRQ WKH VXEMHFW RI SDUWQHULQJ UHODWLRQV LQ WKH FRQVWUXFWLRQ LQGXVWU\ >@ZH FDQREVHUYH WKDW WKHVH
EHQHILWVDUHQRWFRQILQHGWRWKHIRVWHULQJRIDQDWPRVSKHUHRIJRRGFRRSHUDWLRQLPSURYHPHQWVLQFRPPXQLFDWLRQDQG
WKHUHGXFWLRQRIWKHQXPEHURIFRQIOLFWVEXWDOVRSURGXFHIDUPRUHWDQJLEOHUHVXOWVQDPHO\DUHGXFWLRQLQWKHGXUDWLRQ
DQG WKHFRVWVRIDSURMHFWVRUDQ LPSURYHPHQWRI LWVVDIHW\DQG WKHTXDOLW\RI LWVFRQVWUXFWLRQ ,QRUGHU WRNHHSDQ
DSSURSULDWHTXDOLW\RISDUWQHULQJUHODWLRQVDQGGHULYHWKHDIRUHPHQWLRQHGEHQHILWVIURPWKHPWKHLUFRQGLWLRQQHHGVWR
EHUHJXODUO\PRQLWRUHGDQGPDQDJHG7KHJRDORIWKHDUWLFOHLVWKHDSSOLFDWLRQRIWKH$+3PHWKRGWRGHILQHDUHDVLQ
ZKLFKWKHGHYHORSPHQWRISDUWQHULQJUHODWLRQVEULQJVWKHODUJHVWSRVVLEOHEHQHILWVLQWHUPVRIWKHGXUDWLRQFRVWTXDOLW\
DQGWKHVDIHW\RIFDUU\LQJRXWFRQVWUXFWLRQSURMHFWV7KLVPHWKRGLVJRLQJWREHXVHGDVDWRROLQVXSSRUWLQJSDUWQHULQJ
UHODWLRQV DPRQJ WKH SDUWLHV LQYROYHG LQ FRQVWUXFWLRQ SURMHFWV PHDQW WR EH XVHG E\ WKH SDUW\ LQ FKDUJH RI WKH
PDQDJHPHQWRIDSURMHFWDJHQHUDOFRQWUDFWRURUDPDQDJHPHQWFRPSDQ\GHSHQGLQJRQWKHSDUWLFXODURUJDQLVDWLRQ
V\VWHP,WLVWKLVSDUW\ZKLFKLVWKHPRVWLQWHUHVWHGLQWKHDIRUHPHQWLRQHGEHQHILWVDVGXHWREHLQJLQGLUHFWFRQWDFW
ZLWKWKHFRQWUDFWRUVVXEFRQWUDFWRUVPDWHULDODQGHTXLSPHQWVXSSOLHUVWKHLQYHVWRUDQGWKHGHVLJQHUWKURXJKRXWWKH
FRXUVHRIDFRQVWUXFWLRQSURMHFWWKH\KDYHWKHKLJKHVWSRWHQWLDORIGHYHORSLQJSDUWQHULQJUHODWLRQV
'HVFULSWLRQRIWKHPHWKRG
7KHPHWKRGPDNHVXVHRIWKHSDUDPHWHUVRISDUWQHULQJUHODWLRQVDVGHILQHGLQWKHSXEOLFDWLRQ>@7KHSDUDPHWHUV
RI SDUWQHULQJ UHODWLRQV XQGHUVWRRG DV D SDUW RI WKH FRRSHUDWLRQ EHWZHHQ D SURMHFW PDQDJHU DQG FRQVWUXFWLRQ
FRQWUDFWRUVVXEFRQWUDFWRUV LQFOXGH 3SDUWLFLSDWLRQ LQ RUJDQLVLQJ FRQVWUXFWLRQZRUN3 VKDULQJRI QRQPDWHULDO
UHVRXUFHV3VKDULQJRIPDWHULDODQGKXPDQUHVRXUFHV3HIIHFWLYHFRPPXQLFDWLRQ3PDLQWHQDQFHRIHVWDEOLVKHG
VWDQGDUGVDQGIROORZLQJWKHUXOHVRIEHKDYLRXU3NHHSLQJWKHDJUHHGSD\PHQWGHDGOLQHVDQGDPRXQWV3IUHTXHQF\
RI WKH RFFXUUHQFH RI GLVSXWHV DQG WKH WLPH QHHGHG WR VROYH WKHP 3 DGDSWDELOLW\ WR FKDQJHV 7KH SDUDPHWHUV RI
SDUWQHULQJUHODWLRQVXQGHUVWRRGDVDSDUWRIWKHFRRSHUDWLRQEHWZHHQWKHSURMHFWPDQDJHUDQGWKHGHVLJQHULQFOXGH3
WLPHQHHGHGWRUHSO\WRSURSRVLWLRQVRIFKDQJHVLQWKHSURMHFW3WLPHQHHGHGWRDGGUHVVWKHSUREOHPVZLWKLQDSURMHFW
3DGDSWDWLRQRIGHVLJQVROXWLRQVDGGLWLRQDOFRQVWUXFWLRQZRUNFKDQJHVWRFRQVWUXFWLRQZRUNWRWKHFDSDELOLW\RI
WKHFRQWUDFWRU7KHSDUDPHWHUVRISDUWQHULQJUHODWLRQVXQGHUVWRRGDVDSDUWRIWKHFRRSHUDWLRQEHWZHHQWKHSURMHFW
PDQDJHUDQGWKHVXSSOLHUV3SURYLGLQJRITXDOLW\PDWHULDOVDQGHTXLSPHQW3WLPHO\GHOLYHU\RIVKLSPHQWV3
FXUUHQWWHFKQLFDOVXSSRUW7KHSDUDPHWHUVRISDUWQHULQJUHODWLRQVXQGHUVWRRGDVDSDUWRIWKHFRRSHUDWLRQEHWZHHQWKH
SURMHFWPDQDJHUDQG WKH LQYHVWRU3QHJRWLDWLQJ WKHHVWDEOLVKPHQWRI WKH VLWH3NHHSLQJ WKHDJUHHGSD\PHQW
GHDGOLQHVDQGDPRXQWV3SUHVHQFHRIWKHLQYHVWRU
VUHSUHVHQWDWLYHVGXULQJWKHDSSURYDORIILQLVKHGFRQVWUXFWLRQ
3IUHTXHQF\RIWKHRFFXUUHQFHRIGLVSXWHVDQGWKHWLPHQHHGHGWRVROYHWKHP
:KHQXVLQJWKH$+3PHWKRGLQLWVEDVLF>@DQGIX]]\)$+3>@IRUPZHQHHGWRHVWDEOLVKDKLHUDUFK\RIWKH
SDUWQHULQJUHODWLRQSDUDPHWHUVZKLFKLVJRLQJWRSRLQWWRWKHSDUDPHWHUVWKDWQHHGWREHLPSURYHGLQWKHILUVWKDQG
7KHFULWHULDDUHGHILQHGE\WKHEHQHILWVUHODWLQJWRWKHGXUDWLRQ&FRVW&TXDOLW\&DQGVDIHW\&WKDWFDQ
EHJDLQHGIURPWKHLPSURYHPHQWRIWKHSDUDPHWHUV7KHHVWDEOLVKPHQWRISDUDPHWHUSULRULW\YHFWRUVLQUHODWLRQWRHDFK
RIWKHFULWHULDLVJRLQJWREHGRQHQRWE\SDLUZLVHFRPSDULVRQVDVLWLVGRQHLQWKHFODVVLFYHUVLRQRIWKH$+3PHWKRG
EXW DV D UDWLRRI WKH LQYHUWHG DVVHVVPHQWRI DSDUDPHWHU DQG WKH LPSDFW RI DSDUDPHWHURQ DJLYHQ FULWHULRQ7KH
DVVHVVPHQWRIDSDUDPHWHULVWREHGRQHE\WKHSURMHFWPDQDJHURQDVFDOHRIDQGLWVLQYHUVLRQVKRXOGEHGRQHE\
VXEWUDFWLQJWKHDVVHVVPHQWYDOXHIURPWKHQXPEHU7KHLPSDFWRIWKHSDUDPHWHUVRQWKHFULWHULDZDVGHWDLOHGLQWKH
UHVHDUFKFRQWDLQHGLQWKHDUWLFOHE\>@$VDUHVXOWWKHSDUDPHWHUVWKDWDUHJLYHQDORZHUDVVHVVPHQWYDOXHDQGWKDW
FDQWKXVEHVLJQLILFDQWO\LPSURYHGDUHJRLQJWRSURGXFHKLJKHUSULRULW\YDOXHV7KHSDUDPHWHUVWKDWFDQEHLPSURYHG
DQG DV D UHVXOW SURGXFH WKHPRVW FRQVLGHUDEOH LPSURYHPHQW LQ WKH ILHOGRI WKHDQDO\VHGFULWHULD DUHJRLQJ WREH
SUHIHUUHGLQDVLPLODUPDQQHU
7KHWULDQJXODUIX]]\QXPEHUV7)1IRUHDFKDVVHVVPHQWYDOXHWKDWZHUHXVHGWRFRQGXFWSDLUZLVHFRPSDULVRQVLQ
DFFRUGDQFHZLWKWKHIX]]\YHUVLRQRIWKH$+3PHWKRGZHUHREWDLQHGE\PRGLI\LQJWKHQXPEHUVXVHGIRUH[WUHPH
HYDOXDWLRQVDVSUHVHQWHGLQWKHDUWLFOHE\>@7KHHTXDOLPSRUWDQFHDVVHVVPHQWIX]]\QXPEHUZDVPRGLILHGVRWKDW
1098   Elżbieta Radziszewska-Zielina and Bartłomiej Szewczyk /  Procedia Engineering  161 ( 2016 )  1096 – 1100 
LWVLQYHUVLRQZRXOGKDYHWKHVDPHIRUPZKLOHWKHH[WUHPHLPSRUWDQFHDVVHVVPHQWKDVKDGLWVPD[LPXPYDOXHVHW
DWLQDPDQQHUVLPLODUWRWKHFODVVLFDSSURDFK7KHVHQXPEHUVDUHVKRZQLQWDEOH
7DEOH7KHIX]]\QXPEHUVXVHGWRSHUIRUPSDLUZLVHFRPSDULVRQV±)$+3
/LQJXLVWLFDVVHVVPHQW 7ULDQJXODUIX]]\QXPEHU
(TXDOLPSRUWDQFH 
0RGHUDWHLPSRUWDQFH 
6WURQJLPSRUWDQFH 
9HU\VWURQJLPSRUWDQFH 
([WUHPHLPSRUWDQFH 

7KHFRPSDULVRQRIDSDUDPHWHUZLWKLWVHOIDOZD\V\LHOGVWKH,GHDOO\HTXDOLPSRUWDQFHDVVHVVPHQWYDOXH,QVXFK
DFDVH WKHFULVSYDOXH LVDVVXPHG WREH UHVXOWLQJ LQVXFKDQDVVHVVPHQWYDOXHFRUUHVSRQGLQJ WR WKH 
WULDQJXODUIX]]\QXPEHU
5HVXOWVDQG'LVFXVVLRQV
7KHXVHRIWKHSUHVHQWHGPHWKRGKDVEHHQVKRZQRQDQH[DPSOHRIWKHFRRSHUDWLRQRIDSURMHFWPDQDJHUZLWKWKH
VXEFRQWUDFWRUVDQGWKHGHVLJQHUVGXULQJWKHFRQVWUXFWLRQRIDSXEOLFEXLOGLQJ7DEOHVKRZVWKHSDLUZLVHFRPSDULVRQ
PDWUL[RI WKHSURMHFWHYDOXDWLRQFULWHULDSURYLGHGE\ WKHSURMHFWPDQDJHU LQDGGLWLRQ WR WKHZHLJKWRI WKHFULWHULD
HVWDEOLVKHGXVLQJWKH$+3PHWKRG
  7DEOH3DLUZLVHFRPSDULVRQPDWUL[RIWKHSURMHFWDVVHVVPHQWFULWHULDDQGWKHZHLJKWRIWKHFULWHULD$+3
&ULWHULRQ & & & & :HLJKW
&     
&     
&     
&     

7KHYHULILFDWLRQRIWKHREWDLQHGUHVXOWVLQWHUPVRIWKHFRPSDWLELOLW\RIWKHSDLUZLVHFRPSDULVRQPDWUL[LQGLFDWHVD
FRQVLVWHQF\RIWKHSHUIRUPHGDVVHVVPHQWV7KHCRFRQVLVWHQF\UDWLRLVHTXDOWR
7KH VDPH H[DPSOH ZDV FDOFXODWHG XVLQJ WKH IX]]\ YHUVLRQ RI WKH $+3PHWKRG 7DEOH  VKRZV WKH SDLUZLVH
FRPSDULVRQPDWUL[RIWKHSURMHFWHYDOXDWLRQFULWHULDHVWDEOLVKHGE\XVLQJWKH)$+3PHWKRGZKLOH7DEOHVKRZVWKH
YDOXHVRIWKHIX]]\V\QWKHWLFH[WHQWSZLWKUHVSHFWWRHDFKFULWHULRQ
7DEOH3DLUZLVHFRPSDULVRQPDWUL[RIWKHSURMHFWDVVHVVPHQWFULWHULD±)$+3
&ULWHULRQ & & & &
&    
&    
&    
&    
 
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7DEOH7KHYDOXHVRIWKHIX]]\V\QWKHWLFH[WHQWSZLWKUHVSHFWWRWKHFULWHULD
&ULWHULRQ 7)16XP S 
&  
&  
&  
&  
6XPRIWKH7)1VXPV  
,QYHUVLRQRIWKHVXPRIWKH7)1VXPV  

$IWHUZDUGVHDFKRIWKHYDOXHVRIWKHIX]]\V\QWKHWLFH[WHQWSZHUHFRPSDUHGZLWKHDFKRWKHUIROORZHGE\WKH
FDOFXODWLRQRIWKHGHJUHHRISRVVLELOLW\V(SCi  SCj)7KHUHVXOWVRIWKHVHFRPSDULVRQVDQGWKHZHLJKWRIWKHFULWHULDDUH
SUHVHQWHGLQWDEOH
7DEOH7KHGHJUHHVRISRVVLELOLW\V(SCi  SCj)DQGWKHZHLJKWRIWKHFULWHULD
V(SCi  SCj) SC1 SC2 SC3 SC4 PLQ V(SCi  SCj) :HLJKW
V(SC1  SCj)      
V(SC2  SCj)      
V(SC3  SCj)      
V(SC4  SCj)      
7KHSURFHVVRIHYDOXDWLQJWKHRUGHURIWKHLPSURYHPHQWRIWKHSDUWQHULQJUHODWLRQSDUDPHWHUVLVVKRZQLQWDEOH
,WFRQWDLQV WKHDVVHVVPHQWVRIHDFKSDUDPHWHU WKH LPSDFWRI WKHSDUDPHWHUVRQ WKHFULWHULDDQG WKHJOREDOSULRULW\
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7DEOH'HILQLQJWKHSDUWQHULQJUHODWLRQSDUDPHWHUKLHUDUFK\
3DUDPHWHU 3DUDPHWHUDVVHVVPHQW
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:KHQDQDO\VLQJWKHUHVXOWVLWFDQEHREVHUYHGWKDWWKHSDUDPHWHUKLHUDUFKLHVREWDLQHGZLWKWKHXVHRIWKHEDVLFDQG
IX]]\YHUVLRQRIWKH$+3PHWKRGDUHVOLJKWO\GLIIHUHQWLQVRPHDVSHFWV,QERWKFDVHVSDUDPHWHU3NHHSLQJWKH
DJUHHGSD\PHQWGHDGOLQHVDQGDPRXQWVZDVSRLQWHGRXWDVWKHRQHWREHLPSURYHGILUVWZKLFKLVWKHUHVXOWRIDORZ
DVVHVVPHQWYDOXHFDXVHGE\GHOD\VLQSD\PHQWVDVZHOODV WKHVXEVWDQWLDOZHLJKWRI WKLVSDUDPHWHURQWKHFULWHULD
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EHLQJDQDO\VHG7KHRUGHURIWKHSDUDPHWHUV333DVZHOODV3DQG3ZLWKLQWKHKLHUDUFKLHVLVGLIIHUHQWDV
WKH\RFFXS\VSRWVDQG7KHODUJHVWGLIIHUHQFHLQWKHYDOXHRIDJOREDOSULRULW\RFFXUVIRUSDUDPHWHU3DQG
HTXDOVZKLFKSODFHVLWRQWKHIRXUWKSRVLWLRQZLWKLQWKH$+3KLHUDUFK\DQGRQWKHVHFRQGLQWKH)$+3KLHUDUFK\
7KHGLIIHUHQFHVDUHDUHVXOWRI WKHGLIIHUHQWZHLJKWVRI WKHFULWHULD7KHLQFOXVLRQRI WKHXQFHUWDLQW\RIDVVHVVPHQW
YDOXHVPRGHOOHGXVLQJIX]]\QXPEHUVFDXVHGWKHZHLJKWVREWDLQHGE\WKH)$+3PHWKRGWREHFRQVLGHUDEO\PRUH
VLPLODUWRHDFKRWKHU:KHQWKHVHGLIIHUHQFHVDUHWDNHQLQWRDFFRXQWVRPHFULWHULDDSSHDUWRKDYHGLIIHUHQWSUHIHUHQFH
YDOXHVZKHQFRPSDUHGWRWKHFULVSPHWKRGZKLFKUHVXOWVLQWKHGLIIHUHQFHVEHWZHHQWKHSDUDPHWHUKLHUDUFKLHV'XH
WR WKH IDFW WKDW WKH SURFHVV RI SDLUZLVH FRPSDULVRQ RI WKH DQDO\]HG FULWHULD LV E\ QDWXUH LPSUHFLVH WKH DXWKRUV
UHFRPPHQGWKHXVHRIWKHIX]]\YHUVLRQRIWKH$+3PHWKRG
&RQFOXVLRQV
:HFDQVWDWHWKDWWKHSURYLGHGPHWKRGRIWKHVXSSRUWRISDUWQHULQJUHODWLRQPDQDJHPHQWGXULQJWKHLPSOHPHQWDWLRQ
RI FRQVWUXFWLRQ SURMHFWV LV D WRRO WKDW FDQ KDYH IDU PRUH EHQHILWV WKDQ VLPSO\ LPSURYLQJ WKH DWPRVSKHUH RI D
FRQVWUXFWLRQ VLWH7KLV FDQ EH DFKLHYHG WKDQNV WR WKH LQFOXVLRQRI WKH LPSRUWDQFH RI HDFK FULWHULRQ WR WKH SURMHFW
PDQDJHUDVZHOODVGXHWRWDNLQJLQWRDFFRXQWWKHLPSDFWRIHDFKRIWKHSDUDPHWHUVRQWKHVHFULWHULD7KHSDUDPHWHUV
WKDWFDQEHLPSURYHGDQGDVDUHVXOWSURYLGHWKHPRVWVXEVWDQWLDOEHQHILWVLQUHODWLRQWRWKHDQDO\VHGFULWHULDDUHJRLQJ
WREHLQGLFDWHGILUVW%HDULQJWKLVLQPLQGWKHXVHRIWKHPHWKRGLQTXHVWLRQDOORZVSURMHFWPDQDJHUVWRPDNHEHQHILFLDO
GHFLVLRQV UHJDUGLQJ WKH PDQDJHPHQW RI WKHLU SDUWQHULQJ UHODWLRQV ZLWK WKH RWKHU SDUWLFLSDQWV RI D SURMHFW ,W LV
DSSURSULDWHWKDWWKHPHWKRGEHGHYHORSHGIXUWKHUE\SRLQWLQJRXWWKHH[DPSOHVRIDFWLRQVWKDWFDQEHWDNHQWRLPSURYH
HDFKSDUDPHWHU7KLVLVJRLQJWREHWKHIRFXVRIIXWXUHSXEOLFDWLRQV
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